This report describes the isolation and characterisation of the common midwife toad virus (CMTV) from juvenile alpine newts (Mesotriton alpestris cyreni) and common midwife toad (CMT) tadpoles (Alytes obstetricans) in the Picos de Europa National Park in Northern Spain in August 2008. A comparative pathological and immunohistochemical study was carried out using anti-CMTV polyclonal serum. In the kidneys, glomeruli had the most severe histological lesions in CMT tadpoles, while both glomeruli and renal tubular epithelial cells exhibited foci of necrosis in juvenile alpine newts. Viral antigens were detected by immunohistochemical labelling mainly in the kidneys of CMT tadpoles and in ganglia of juvenile alpine newts. This is the first report of ranavirus infection in the alpine newt, the second known species to be affected by CMTV in the past 2 years.
In recent years, chytridiomycosis and ranavirus infections have caused outbreaks of high mortality in amphibians and appear to be linked to amphibian population declines (Daszak et al., 1999) . The number of reported ranavirus outbreaks has increased greatly since the 1990s, with recurring epidemics occurring in native amphibian populations in the United Kingdom (Cunningham et al., 1996; Teacher et al., 2009) .
The common midwife toad virus (CMTV) is a ranavirus originally isolated from common midwife toad (CMT) tadpoles (Alytes obstetricans) from the Picos de Europa National Park in Northern Spain in September 2007 (Balseiro et al., 2009 ). This was the first description of a ranavirus disease in Spain. No further cases of the disease were detected until August 2008, when high mortality was observed in CMT tadpoles and juvenile alpine newts (Mesotriton alpestris cyreni) in a pond approximately 1 km from the permanent water trough where the first outbreak occurred. In this study we report the isolation of CMTV from juvenile alpine newts, along with CMT tadpoles at the same location, and perform a comparative pathological and immunohistochemical study. No further cases of CMTV infection were detected in the permanent water trough, which had been disinfected after the outbreak in 2007.
Macroscopically, CMT tadpoles exhibited systemic haemorrhages. Juvenile alpine newts had haemorrhages on the ventral surface ( Fig. 1 ), but not in internal organs. Systemic haemorrhages are common in ranavirus infections (Fox et al., 2006; Cunningham et al., 2008) . However, in the United Kingdom, ranavirus infection can present with cutaneous ulceration but no internal gross lesions (Cunningham et al., 1996 (Cunningham et al., , 2008 . Microscopic lesions in CMT tadpoles and juvenile alpine newts in the present outbreak were similar to those described for the systemic haemorrhagic form of ranavirus disease in CMT tadpoles previously (Balseiro et al., 2009) .
Three whole CMT tadpoles and three juvenile alpine newts were fixed in 10% neutral buffered formalin immediately after death, dehydrated in graded ethanol solutions, embedded in paraffin wax, sectioned at 4 lm thickness and stained with haematoxylin and eosin (H&E). On histopathological examination, intracytoplasmic inclusion bodies (Fig. 2) were associated with small foci of necrosis in the skin, liver, kidney, pancreas and gastrointestinal tract. Pycnotic cell nuclei were also observed in these organs. Vesicles and focal thickening were observed in the epidermis in both species. In the kidneys, glomeruli were the structures most affected in CMT tadpoles, while both glomeruli and tubular epithelial cells exhibited foci of necrosis ( Fig. 2C ) in juvenile alpine newts. Another ranavirus, FV3, exhibits trophism for the kidney, specifically for the proximal renal tubular epithelium (Robert et al., 2005) . Necrosis of neuroepithelial tissue, previously described in salamanders (Docherty et al., 2003) , was not found in infected CMT tadpoles or juvenile alpine newts.
Samples of kidneys from CMT tadpoles and juvenile alpine newts were fixed in 2.5% glutaraldehyde, embedded in resin and ultrathin sections were stained with uranyl acetate and lead citrate Most virions appeared to be extracellular and were located in areas of necrosis found on histological examination. Virus particles appeared to be more abundant in CMT tadpoles than juvenile alpine newts.
Epithelioma papulosum cyprini (EPC) cells were inoculated with tissue homogenates of lung, liver, kidney and gastrointestinal tract from four diseased CMT tadpoles and four diseased juvenile alpine newts for virus isolation (Balseiro et al., 2009) . Cytopathic effects were evident after incubation for 5 days at 15°C. Virions were purified from EPC-infected cells (Balseiro et al., 2009 ) and negatively stained with 2% phosphotungstic acid (pH 6.2). Electron microscopy demonstrated enveloped iridovirus-like virions approximately 160-180 nm in diameter with hexagonal nucleocapsid morphology (Fig. 3A) .
DNA was extracted from tissue homogenates of diseased animals, using the illustra tissue and cells genomicPrep Mini Spin Kit (GE Healthcare) and amplified by PCR using as forward primer 5 0 -GACTTGGCCACTTATGAC-3 0 and reverse primer 5 0 -GTCTCTGGA-GAAGAAGAA-3 0 within the FV3 major capsid protein (MCP) gene (Mao et al., 1997) . The DNA products (530 nucleotides, including the primer sequences) were gel-purified using the TaKaRa RECO-CHIP and sequenced using the ABI prism BigDye terminator v3.1 kit (Applied BioSystems) and the Applied BioSystems 3100 Genetic Analyser. The nucleotide sequences obtained for the viruses isolated from CMT tadpoles and juvenile adult newts in the August 2008 outbreak were identical to each other and to that of the CMTV isolated in September 2007 (GenBank FM213466; Balseiro et al., 2009 ). These results suggest that the viruses isolated from CMT tadpoles and juvenile alpine newts in the 2008 outbreak are most likely to be CMTV.
Immunohistochemistry was performed using the peroxidase anti-peroxidase method. Sections were incubated with specific rabbit anti-serum raised against purified virions of the 2007 isolate CMTV and diluted 1/1000 (Balseiro et al., 2009) . In CMT tadpoles, the strongest staining on immunohistochemistry was observed in renal glomeruli (Fig. 2B ). However, in juvenile alpine newts, ganglia located in the muscle were most strongly immunolabelled (Fig. 2L) , although necrosis or viral inclusions were not observed at these sites (Fig. 2K) . In both species, there was focal immunolabelling of CMTV antigen in the epidermis and dermis. CMTV antigen was also detected in the intestinal mucosa and occasionally in endothelial cells in the submucosa. Antigen labelling within the pancreas was detected in the exocrine glandular cells.
This study shows that the alpine newt is susceptible to CMTV infection. Ranavirus transmission could be occurring between the CMT and alpine newts in the North of Spain. It is not known whether other amphibians, fish or reptiles are susceptible to CMTV infection, but other ranaviruses, such as FV3, can infect a variety of amphibian and fish species (Duffus et al., 2008) . Subclinical infections with ranaviruses have been documented in free-ranging amphibians and clinical signs in late stage tadpoles sometimes resolve (Fox et al., 2006) . Adult frogs may serve as reservoirs of the virus (Robert et al., 2005; Fox et al., 2006) . In both outbreaks of CMTV in Spain, mortality was observed in larvae or juvenile amphibians, but not in adults. It is not known if CMTV has an intraspecific reservoir similar to Ambystoma tigrinum (Brunner et al., 2004) . This is the first report of a ranavirus infection in the alpine newt and the second species known to be infected with CMTV in the past 2 years. The alpine newt is considered to be vulnerable in Spain (Nores et al., 2007) and it is important to monitor CMTV in this species to prevent its extinction due to this infection.
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